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(g) Apparatus and method for fabric identification. 



(57) An apparatus and method is provided for 
identifying a diffusely-reflecting material (F), 
such as a textile fabric. A light source (14, 114, 
214) transmits radiation onto the unknown ma- 
terial, and a detector (24, 124, 224) receives 
radiation diffusely reflected by the unknown 
material, and generates signals indicative of 
diffuse-reflection characteristics of the un- 
known material. A processor (246) is coupled to 
the detector, and includes diffuse-reflection 
data on a plurality of reference materials. The 
processor (246) compares (342) the diffuse- 
reflection characteristics of the unknown ma- 
terial based on the signals of the detector to the 
reference data, and by a process of elimination, 
identifies the unknown material. 
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The present invention relates to methods and ap- 
paratus for optical sensing, and more particularly, to 
such methods and apparatus employing infrared, dif- 
fuse-reflection spectroscopy for sensing and classi- 
fying diffusely-reflecting materials. 5 

There have been various uses of spectroscopy 
for characterizing or understanding the make-up of 
materials. A test technique for distinguishing wool 
from polyester-fibre and cotton fabrics employing 
photoacoustic spectroscopy is discussed in the arti- 10 
cle, Davidson and King, "A Method of Distinguishing 
Wool from Polyester-fibre and Cotton Fabrics", J. 
Text. Inst , Vol. 74, p. 382 (1983). This technique 
makes use of the absorption spectrum of the fabric in 
the near infrared, which is the complement of the re- 15 
flection spectrum. A major disadvantage of the pro- 
posed technique is the inability to control the reso- 
nant cell's sample wall in real-use conditions. 

Another article, Derkson and Monahan, "A Re- 
f lectometer for Measuring Diffuse Reflectance in the 20 
Visible and infrared Regions", J. Opt Soc. Am. , Vol. 
42, p. 263 (1952), discusses an instrument for meas- 
uring diffuse reflectance of materials, and employs 
as targets, among other things, cotton twill and wool 
serge. This instrument operates in the infrared, and 25 
in the visible-wavelength range for visual appearance 
purposes. 

Another instrument is reported by Timo Hyvari- 
nen, 'Rugged Multiwavelength NIRand IR Analyzers 
For Industrial Process Measurements", SPIE Confer- 30 
ence Proceedings, Vol. 1266, p. 99 (1990), European 
Congress on Optics, The Hague. This device is a 
hand-held, battery-operated meter for optically 
measuring the moisture content of peat A tube is in- 
serted into a peat bog, and a trigger is pulled in order 35 
to display the moisture measurement on a display. 
This device uses a miniature tungsten lamp, and a de- 
tector including two side-by-side lead-sulfide (PbS) 
photoconductive cells located behind interference fil- 
ters peaked at 1.80 and 1.94 microns, the useful 40 
sensing bands for water. The PbS cells and interfer- 
ence filters are mounted in a windowed, N r filled, 
hermetically-sealed container, to prolong filter life. 
The light source is electrically modulated at 35 Hz and 
transmitted through a quartz window into the peat, 45 
and the radiation diffusely reflected by the peat is 
measured by the detector, which provides output sig- 
nals indicative of the moisture content of the peat. 

It would be desirable to provide a method and ap- 
paratus for identifying unknown diffusely-reflecting 50 
materials, such as textile fabrics, which preferably 
use optical means to sense and rapidly identify the 
unknown material. Although the prior art discloses de- 
vices for optically measuring a characteristic or the 
make-up of a diffusely-reflecting material, it has 55 
failed to provide a method and apparatus for identi- 
fying an unknown material rapidly and in real time, 
which preferably uses infrared spectroscopy for iden- 



tifying an unknown material based on the character- 
istic spectrum of that material. 

The present invention is directed to an apparatus 
for identifying a diffusely-reflecting material, such as 
a textile fabric. The apparatus comprises a light 
source for transmitting radiation onto the unknown 
material, and a detector for receiving radiation dif- 
fusely reflected by the unknown material, which gen- 
erates signals indicative of diffuse-reflection charac- 
teristics of the unknown material. A processor of the 
apparatus is coupled to the detector, and includes dif- 
fuse-reflection reference data on a plurality of refer- 
ence materials. The processor compares the diffuse- 
reflection characteristics of the unknown material to 
the reference data, and by a process of elimination, 
identifies the unknown material. 

In one embodiment of the present invention, the 
light source is a tungsten-halogen lamp. The detector 
preferably includes a plurality of photoconductive 
cells, such as lead-sulfide (PbS) cells, and each cell 
generates an output signal indicative of the intensity 
of the diffusely-reflected radiation within a respective 
wavelength channel of finite bandwidth unique to that 
cell. This embodiment of the present invention may 
also comprise an interference filter located between 
the unknown material and the photoconductive cells, 
for filtering the diffusely-reflected radiation transmit- 
ted onto the photoconductive cells and defining the 
respective wavelength channels. 

In another embodiment of the present invention, 
the apparatus is mounted within a household iron for 
identifying the material being ironed. In this instance, 
the processor is coupled to means for automatically 
controlling the temperature of the iron, such as a ther- 
mostat, based on the identity of the fabric being iron- 
ed. 

The present invention is also directed to a method 
for identifying a diffusely-reflecting material, such as 
a textile fabric. The method comprises the following 
steps: a) transmitting radiation onto the unknown ma- 
terial from a light source; b) receiving at least a portion 
of the radiation diffusely-reflected by the unknown 
material with a detector, and generating signals indi- 
cative of diffuse-reflection characteristics of the un- 
known material; and c) comparing diffuse-reflection 
characteristics of the unknown material with diffuse- 
reflection data on a plurality of reference materials to 
identify, by a process of elimination, the unknown 
material. 

In one embodiment of the present invention, the 
method further comprises the step of generating a 
plurality of signals, wherein each signal is indicative 
of diffuse-reflection characteristics of the unknown 
material within a channel corresponding to a respec- 
tive wavelength. This embodiment preferably further 
comprises the step of generating pattern values, 
wherein each pattern value corresponds to a respec- 
tive channel, and comparing the pattern values of the 
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unknown material to corresponding pattern values for 
the reference materials, to identify the unknown ma- 
terial. 

In one embodiment of the present invention, the 
method further comprises the step of generating a 
plurality of pattern values for each channel, wherein 
each pattern value is based on a respective Q-level, 
and each Q-level defines a range of signals above or 
below each respective channel signal. Preferably, 
each pattern value is based on whether the average 
value of the signals of the two next-nearest channels 
falls within the range defined by the respective Q-lev- 
el of the respective channel signal, as will be illustrat- 
ed below. 

One advantage of the apparatus and method of 
the present invention is that they provide a means for 
rapidly identifying an unknown diffusely-reflecting 
material, such as a textile fabric, optically, without 
damaging or otherwise destroying any portion of the 
unknown material. Another advantage of the present 
invention is that because it employs infrared spectro- 
scopy, it is particularly suitable for identifying textile 
fabrics, since most dyes used in fabrics are non-ab- 
sorbing in the infrared, and therefore the visual color 
of the fabric will not affect the ability of the present in- 
vention to identify that fabric. Yet another advantage 
of the present invention is that it is particularly adapt- 
able to being manufactured in a relatively low-cost, 
compact form, and can therefore be easily used with 
other appliances. For example, a significant advan- 
tage of the present invention is that it can be used with 
a household iron to automatically identify the fabric 
being ironed, and to adjust the temperature of the iron 
for the particular fabric (without the user even know- 
ing what type of fabric is being ironed). This can avoid 
significant problems due to scorching or other dam- 
age that can occur when ironing fabrics at the wrong 
temperature. 

Other advantages of the method and apparatus 
of the present invention will become apparent in view 
of the following detailed description and accompany- 
ing drawings. 

Figure 1 is a graph illustrating the relative reflec- 
tance R( ) of wool within the infrared spectrum of ap- 
proximately 1200 nm to 2400 nm. 

Figure 2 is a graph illustrating the relative reflec- 
tance R( ) of cotton within the infrared spectrum of 
approximately 1200 nm to 2400 nm. 

Figure 3 is a schematic illustration of a first em- 
bodiment of an apparatus embodying the present in- 
vention for identifying an unknown diffusely-reflect- 
ing material, such as a fabric material. 

Figure 4 is a cross-sectional view of the glass 
component of the apparatus of Figure 3 which func- 
tions as a visible-blocking filter to prevent the pas- 
sage of visible light into the apparatus, as a fabric 
pressure plate, and as a slit-defining element. 

Figure 5 is a schematic illustration of another em- 



bodiment of an apparatus embodying the present in- 
vention, in which the glass component defines a 
raised portion protruding from the base of the hous- 
ing to prevent the collection of dust or other particles 
5 on the face of the glass component. 

Figure 6 is a schematic illustration of another em- 
bodiment of an apparatus embodying the present in- 
vention, employing a stepped interference filter and 
sensor array for measuring the intensity of the radia- 
10 tion diffusely reflected by the fabric (or other diffuse- 
ly-reflecting material). 

Figure 7 is a schematic illustration of another em- 
bodiment of an apparatus embodying the present in- 
vention, in which components of the apparatus of Fig- 
15 ure 6 are mounted within a household iron to identify 
the type of fabric being ironed, and to control the tem- 
perature of the iron based on this identification. 

Figures 8A and 8B are a flow chart illustrating 
conceptually a method of the present invention for de- 
20 ciding by computation whether the reflection spec- 
trum of an unknown fabric (or other diffusely-reflect- 
ing material) matches that of any known reference 
fabrics in order to identify the unknown fabric. 

It is believed that all textile materials have rea- 
25 sonably distinct characteristic infrared diffuse reflec- 
tion spectra, at wavelengths as short as 1400 nm. 
Figures 1 and 2 are graphs illustrating the relative re- 
flectance R( ) of wool and cotton, respectively, within 
the infrared spectrum between approximately 1200 
30 nm and 2400 nm. As can be seen, both wool and cot- 
ton (as do other textile materials) exhibit distinct dif- 
fuse-reflectance patterns. For example, wool exhib- 
its a steep drop at approximately 1900 nm, whereas 
cotton exhibits a deep absorption band at approxi- 
35 mately 1500 nm. Based on these distinctive charac- 
teristics, the method and apparatus of the present in- 
vention is able to identify an unknown fabric (or other 
diffusely-reflecting material), by measuring diffuse- 
reflectance characteristics of the unknown fabric, and 
40 comparing these characteristics of the unknown fab- 
ric to reflectance data for known fabrics in order to de- 
termine the content or type of the unknown fabric. 

In Figure 3, an apparatus embodying the present 
invention for identifying a fabric F is indicated gener- 
45 ally by reference numeral 10. Apparatus 10 includes 
housing 12, which includes light source 14 mounted 
within lamp chamber 16. Housing 12 preferably has 
relatively compact dimensions, so that the apparatus 
can be easily incorporated into other appliances, 
so such as a household iron in order to identify the fabric 
being ironed, as is described further below. In the em- 
bodiment of the present invention illustrated, dimen- 
sion A is approximately 1.0 inch, dimension B is ap- 
proximately 2.0 inches, and the dimension of housing 
55 12 normal to the plane of the drawing (not shown) is 
approximately 0.5 inch. These dimensions are purely 
exemplary, however, and may be adjusted as tech- 
nology and design considerations permit. 



5 



EP 0 612 996 A2 



6 



Light source 14 is preferably a subminiature tung- 
sten-halogen lamp, such as the Osram HPR52 lamp, 
in which filament 1 8 is a straight coil (oriented normal 
to the plane of the drawing, as shown), made from an 
approximately 1 mil tungsten wire wound into an ap- 5 
proximately 0.1 mm coil diameter, which has a lighted 
length of approximately 1.5 mm, and a bulb diameter 
of less than 3/8 inch. This particular lamp is only ex- 
emplary, however, and numerous other types of light 
sources may equally be used. For example, Welch- 10 
Allen manufactures a gas-filled lamp with the same 
electrical input (2.6 V, 0.85 A) that has an approxi- 
mately 0.185 inch bulb diameter. It is only desirable 
that the light source be an efficient emitter in the near 
or mid-infrared; for example, a series of LEDs, each is 
tuned to a different wavelength, could be used in- 
stead. 

When employing a subminiature tungsten-halo- 
gen lamp as light source 14, the brightness of the 
lamp is preferably modulated by using half-wave rec- 20 
tified 60-Hz input power, in order to eliminate the 
need for a mechanical beam chopper to modulate the 
light. Half-wave rectification of subminiature tung- 
sten-halogen lamps is described in Pike, J.N., "Mod- 
ulation of subminiature tungsten-halogen lamps", Ap- 25 
plied Optics , Vol. 29, No. 7, pp. 903-04 (MarchT 
1 990). The radiation is preferably modulated in this 
way, so that AC detection and amplification of the dif- 
fusely-reflected radiation can be used, as is descri- 
bed below. 30 

A glass component 18 is mounted in the base of 
housing 12 directly beneath light source 14, and a 
Fresnel lens 20 is mounted between the light source 
and the glass component. Fresnel lens 20 is prefer- 
ably anti-reflection coated, and made from a high- 35 
index glass with an f/# on the order of 1, in order to 
relay the filament brightness of light source 14 
through glass component 18, and onto fabric F with 
reasonable image formation. As shown in Figure 3, 
glass component 1 8 is maintained in contact with fab- 40 
ric F, and serves as a visible-blocking filter to prevent 
visible light from entering the housing, as a fabric 
pressure plate, and as a slit-defining element, as is 
described further below. 

As the radiation from light source 14 is transmit- 45 
ted onto fabric F, the infrared radiation diffusely re- 
flected by fabric F emerges from the top surface of 
glass component 18 in ail directions. An f/2 portion of 
this diffusely-reflected radiation is transmitted onto 
ellipsoidal concave grating 22, as illustrated in Figure 50 
3. Grating 22 in turn transmits and disperses reflect- 
ed radiation onto sensor array 24, which in the em- 
bodiment of the present invention illustrated, is a lin- 
ear array of lead-sulfide (PbS) photoconductive cells, 
of a type known to those skilled in the art Grating 22 55 
is designed to image the first-order ■slit" radiation at 
approximately 2x demagnification onto sensor array 
24. The inside walls of housing 12 are black, and 



therefore higher grating orders and the non-diffract- 
ed beam are lost in the black walls. Grating 22 is pre- 
ferably a flat-field design, stamped or holograph ically 
produced on an ellipsoidal blank. 

In the embodiment of the present invention illu- 
strated, sensor array 24 is preferably an approximate- 
ly 1.0 cm array of 10 PbS photoconductive cells, 
which receive the focused spectrum of radiation in 
the wavelength range of approximately 1250 to 2050 
nm. Each array element is preferably an approximate- 
ly 1/4 mm x 5 mm slit-shaped detector, oriented nor- 
mal to the plane of the drawing. Thus, each element 
covers approximately 20 nm of the spectrum. The 
space between adjacent elements of the array is 
equivalent to approximately 60 nm of the spectrum, 
which is sufficient for mounting necessary electrical 
connection pads (not shown). The ten photoconduc- 
tive ceils and their relative locations across the in- 
frared spectrum are illustrated graphically in Figures 
1 and 2 as "a, b, 1 , 2, 3, 4, 5, 6, c, and d", wherein each 
letter or number represents a respective photocon- 
ductive cell channel of the sensor array 24, as is de- 
scribed further below. 

Each cell of the sensor array 24 is preferably cou- 
pled in series with a DC input voltage (approximately 
30 VDC), and is further coupled to ground through a 
resistor (not shown). The relatively large DC voltage 
across the resistor is modulated by a small AC signal 
voltage produced by and proportional to the intensity 
of the diffusely-reflected modulated radiation trans- 
mitted onto the cell within the respective bandwidth of 
radiatbn covered by that cell. The signal voltage of 
each cell is AC-coupled to a linear operational ampli- 
fier circuit (not shown) for amplifying and transmitting 
the output signal to a processor, as is described fur- 
ther below. 

Thin black baffles 26 are placed within housing 
12 at the positions shown, in order to prevent stray 
light from reaching sensor array 24. Since the stray 
light is also modulated at 60 Hz, its elimination is im- 
portant in order to obtain accurate signals from sen- 
sor array 24. 

In Figure 4, glass component 18 is illustrated in 
further detail, and comprises a base layer 25 (approx- 
imately 1/2 mm thick) for contacting fabric F, which is 
preferably made of relatively hard quartz or sapphire 
for durability and scratch resistance. A top portion 27 
of the glass component is made from a visible-radia- 
tion absorbing material, such as Schott RG1000 "IR- 
Pass" glass, in order to absorb any visible radiation 
entering the housing 12 (e.g., radiation below approx- 
imately 1000 nm), yet permit the passage of the in- 
frared radiation. This type of material is only exem- 
plary, however, and any optical material known to 
those skilled in the art with similar optical character- 
istics could equally well be employed. A layer of black 
absorber/cement 28 is located between the top por- 
tion 27 and base layer 25, and defines an approxi- 
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mately 1 mm wide opening or "slit" 30 extending 
across the glass component (normal to the plane of 
the drawing), which may be filled with an optically 
clear cement. The 0.1 mm filament of light source 14, 
imaged at approximately 1:1 magnification, fills 
opening 30 in the black absorber/cement Since a low 
f/# Fresnel lens 20 does not give a relatively clear im- 
age, opening 30 is necessary to perform this func- 
tion. 

In the operation of the apparatus of the present 
invention, radiation is transmitted by light source 14 
through Fresnel lens 20, which concentrates the ra- 
diation as it is transmitted through opening 30 in glass 
component 18 onto fabric F. The radiation that is dif- 
fusely reflected by fabric F is then transmitted back 
through opening 30, part of which is directed onto 
grating 22. Grating 22 demagnif ies (by a factor of ap- 
proximately 2) and directs the reflected, incident ra- 
diation onto sensor array 24. Light source 14 is pre- 
ferably operated for relatively short periods of time, in 
order to prevent any significant increase in tempera- 
ture within housing 12. 

The ten photoconductive cells of sensor array 24 
are small side-by-side strips of IR-sensitive material, 
in this case, lead sulfide (PbS), as described above. 
When infrared radiation anywhere in the region of in- 
terest for the respective cell (each cell covers an ap- 
proximately 20 nm bandwidth) is transmitted onto the 
cell, its resistance drops, and for relatively small sig- 
nals, the change in resistance is proportional to the in- 
tensity of the diffusely-reflected infrared radiation. 
The ten photoconductive cells (or array elements) re- 
ceive ten separate and distinct wavelength channels 
in the infrared, substantially equally spaced along the 
wavelength axis, as shown, for example, as "a, b, 1, 
2, 3, 4, 5, 6, c and d", in Figures 1 and 2. Each cell 
does not measure the intensity of a single wavelength 
in the infrared beam, but rather receives a small range 
of wavelengths, the extent of which is based in part 
on the width of the respective cell. This range is re- 
ferred to as the "spectral bandwidth" of the cell. The 
higher the bandwidth, the greater is the signal from 
each cell, which is electronically desirable. The small- 
er the bandwidth, however, the greater is the ability 
to sense rapid changes in the reflectance spectrum. 
In the embodiments of the present invention illustrat- 
ed, spectral bandwidths in the range of approximately 
10 to 30 nm provide satisfactory results. 

It is noted that after apparatus 10 is assembled, 
it is desirable to adjust sensor array 24 by exposing 
the sensor array to the reflectance of a perfectly white 
target (i.e., the target material has substantially the 
same diffuse reflectance at all wavelengths) of radi- 
ation transmitted by light source 14. The feedback re- 
sistors in the output amplifiers for the cells (not 
shown) are then adjusted (trimmed) so that the sig- 
nals from all ten channels (or cells) are the same. This 
factory adjustment facilitates the ability of sensor ar- 



ray 24 to provide accurate measurements over the 
life of the apparatus, regardless of drift in the output 
of light source 14 over time. 

Thus, the output signal of each cell of sensor ar- 

5 ray 24 is proportional to the intensity of the diffusely- 
reflected radiation within the spectral bandwidth of 
the respective cell. These signals are preferably 
transmitted to a processor (not shown) and compared 
to reference reflectance data for a multitude of known 

w fabric materials. By a process of logical elimination, 
the processor is able to determine the content or type 
of fabric F, as is described further below. 

In Figure 5, another embodiment of the present 
invention is indicated generally by the reference nu- 

15 meral 110. Apparatus 110 is similar to Apparatus 10 
described above in connection with Figures 1 and 2, 
and therefore like reference numerals preceded by 
the numeral 1 are used to indicate like elements. As 
can be seen, apparatus 110 differs from the embodi- 

20 ment described above essentially in the construction 
of glass component 118 and the location of sensor ar- 
ray 124. 

Glass component 118 defines a ridge 132, which 
protrudes from the base of housing 112 into contact 

25 with fabric F, and extends longitudinally along base 
layer 1 24 of the glass component (normal to the plane 
of the drawing). Ridge 1 32 is approximately 1 mm 
wide, and the base of the housing is opaque sur- 
rounding the ridge, so that the ridge effectively re- 

30 places slit 30 described above in connection with the 
previous embodiment The opaque surfaces sur- 
rounding, and thus defining the "slit" of ridge 132, may 
be formed by a wear-resistant black coating. One side 
of glass component 118 defines viewing window 134 

35 oriented at an acute angle with respect to the vertical 
axis of housing 112, and facing ellipsoidal grating 122. 
The radiation that is diffusely reflected by fabric F 
and transmitted back into glass component 118, is 
partially transmitted through angled viewing window 

40 1 34 and directly onto grating 122. Grating 1 22 focus- 
es and disperses the diffusely-reflected radiation 
onto sensor array 1 24, which in turn generates output 
signals proportional to the intensity of the radiation in 
each of the 10 spectral bandwidths of interest 

45 One advantage of this particular construction, is 
that the protruding shape of ridge 132 prevents the 
collection of dust particles, for example, on the sur- 
face of the glass component as it is passed over fabric 
F, and thus avoids the scattering of any bright input 

50 light normally associated with such particles or simi- 
lar debris located on the face of glass component 1 1 8. 
Furthermore, any dust that might accumulate on the 
upper surface of glass component 118 is above the 
field of view of grating 122, so it cannot contribute to 

55 any unwanted scattering signal. Finally, glass surface 
134 is in a dust-free compartment of the sensor. 
Since any scattered light would be modulated at 60 
Hz (the same as the diffusely-reflected light), a deg- 
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radation of signal quality from sensor array 124 could 
occur. Hence, the construction of the present inven- 
tion illustrated in Figure 5 essentially eliminates any 
such scattering altogether. 

In Figure 6, another embodiment of the present s 
invention is indicated generally by reference numeral 
210. Apparatus 210 is similarto the apparatus descri- 
bed above in connection with Figures 3 through 5, and 
therefore like reference numerals preceded by the nu- 
meral 2 are used to indicate like elements. The em- 10 
bodiment of Figure 6 differs from the embodiments 
described above essentially in that it does not employ 
focusing optics between the diffusely-reflecting ma- 
terial and the sensor array, but rather employs a lin- 
ear-stepped interference filter and a matching PbS is 
sensor array, both preferably contained in a hermeti- 
cally sealed container. 

Glass component 21 8 defines an angled viewing 
w.ndow 234, which is nominally flat, and a generally 
cylindrical top surface 238. As described above, com- 20 
ponent 218 may be formed from any suitable optical 
material, and viewing window 234 may be fire- 
polished smooth. The radius of curvature of surface 
238 is selected to "image" or concentrate the radia- 
tion from light source 214 onto fabric F. It is desirable 25 
to concentrate the radiation onto the fabric in order to 
increase the intensity of the radiation, yet maintain a 
relatively constant intensity across the patch being 
transmitted onto the fabric. Opening 230 is formed in 
the same manner as opening 30 described above in 30 
connection with Figure 4; however, it may be larger 
approximately 0.2 inch wide and at least 1 cm long! 
Since the area being illuminated is a relatively broad, 
long patch in comparison to the embodiments descri- 
bed above, a longer filament in light source 214 may 35 
be preferable. Also, since the area of the fabric being 
illuminated is relatively large, tolerances on filament 
shape and position can be considerably relaxed. As 
will also be recognized by those skilled in the art, the 
opening may equally be formed by employing a ridge, 40 
as described above in connection with Figure 5. 

The infrared radiation diffusely reflected from 
fabric F is transmitted through opening 230 in all di- 
rections. The portion transmitted through angled 
viewing window 234, passes through stepped inter- 45 
ference filter 240, and is transmitted directly onto 
sensor array 224. Both interference filter 240 and 
sensor array 224 are oriented normal to the plane of 
the drawing, and the spacing of the array elements 
(PbS photoconductive cells) substantially matches so 
the spacing of the steps of interference filter 240, so 
that each array element is aligned with a respective 
step in the interference filter. Each step in interfer- 
ence filter 240 has peak transmission within the de- 
sired spectral bandwidth of the corresponding photo- 55 
conductive cell, and the bandwidth is on the order of 
approximately 50 nm. 

Both interference filter 240 and sensor array 224 



are preferably hermetically sealed in metal container 
242 to lengthen both filter and photoconductive cell 
lives. The front face of interference filter 240 (adja- 
cent viewing window 234) is formed by the quartz 
base upon which the multi-layer filters are deposited 
and is preferably coated with a conductive coating 
reasonably transparent in the wavelength range of in- 
terest, which in this case is approximately 1400 to 
2100 nm. This can be done, for example, by employ- 
ing an indium-tin oxide formulation, in which the plas- 
ma edge is just beyond 2100 nm. The conductive 
coating provides electrical shielding against stray 60 
Hz energy emanating from lamp chamber 216. Pre- 
ferably, the load resistors for each photoconductive 
ceP are laser-trimmed and located within container 
242. 

As also shown in Figure 6, the output leads of 
sensor array 224 are coupled to signal conditioning 
circuit 244, which preferably includes the linear op- 
erational-amplifier circuits AC-coupled to the load re- 
sistors (not shown) of the photoconductive cells. As 
described above, each photoconductive cell trans- 
mits an output signal proportional to the intensity of 
the diffusely-reflected radiation within the spectral 
bandwidth of the respective cell. Signal conditioning 
circuit 244 digitizes each output signal, and in turn 
transmits the signals to processor 246. Processor 
246 has a stored database of diffuse-reflection data 
on the known fabric materials of interest, and com- 
pares data based on the output signals of sensor ar- 
ray 224 to the known diffuse-reflection date. By a 
process of elimination, processor 246 is able tc effec- 
tively determine the material of fabric F by comparing 
the data based on the output signals to the known 
data, as is described further below. 

Processor 246 is also coupled to display 248 to 
display either a numerical value or to simply indicate 
the type of fabric F under consideration, e.g., -cot- 
ton", "wool", "cotton/polyester", etc. Output port 250 
is also coupled to processor 246 to drive, for example 
a remote display (not shown). It is noted that the sig- 
nal conditioning circuit processor and display of Fig- 
ure 6 can equally be employed with the embodiments 
of the present invention illustrated in Figures 3-5 in 
a manner known to those skilled in the art. It is also 
noted that a filtered sensor array as shown in Figure 
6 can be substituted for unfiltered arrays 24 and 124 
of the embodiments shown in Figures 3 and 5, re- 
spectively, wherein concave gratings 22 and 122 re- 
spectively, are replaced by simple ellipsoidal mirrors. 

As will be recognized by those skilled in the art 
the apparatus of the present invention not only can be* 
employed as a hand-held instrument for sensing and 
classifying diffusely-reflecting materials, such as 
fabrics, as shown in Figure 6, but can equally be use- 
ful in other devices, such as household appliances. 
For example, in Figure 7, apparatus 210 is shown 
mounted within a household iron for ironing clothes so 
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that opening 230 is located in the heel of the iron. In 
this embodiment of the present invention, rather than 
being coupled to a display, processor 246 is coupled 
to means 252 for automatically controlling the temper- 
ature of the iron, such as a thermostat The iron is 5 
turned up so that the heel (and opening 230) is seated 
on fabric F, and processor 246 determines the type of 
material of the fabric based on its diffuse-reflection 
spectra. Processor 246 then automatically adjusts 
thermostat 252 to set the iron at an appropriate tern- 10 
perature for that particular fabric. 

It is noted that in this embodiment of the present 
invention, it may be possible to employ sensor array 
224 with fewer than 10 photoconductive cells. When 
ironing fabrics, numerous types of fabric can be iron- 15 
ed at the same iron temperature. For example, both 
cotton and linen may be ironed at approximately the 
same temperature. Therefore, sensor array 224 need 
not have so many channels as to permit differentia- 
tion among all such fabrics which can be ironed at the 20 
same temperature, but rather need only be sensitive 
enough to distinguish between groups of fabrics. A 
sensor array with as few as six photoconductive cells 
could be sufficiently satisfactory for this purpose. 

In accordance with the method of the present in- 25 
vention, an unknown fabric F (or other diffusely re- 
flecting material) is identified based on the output sig- 
nals of the signal array (i.e., the fabric's diffuse-re- 
flection spectrum). As described above, the sensor 
array is a linear array of separate but substantially 30 
equal IR-sensitive elements spread along the wave- 
length axis, as indicated in the graphs of Figures 1 
and 2. The ten elements are represented by the vert- 
ical lines, "a, b, 1 , 2, 3, 4, 5, 6, c and d", each one being 
separated from its neighbor by approximately 80 nm. 35 
The central six elements ("1, 2, 3, 4, 5 and 6") are re- 
ferred to as the "decision" channels, whereas the re- 
maining channels ("a, b, c and d") are referred to as 
the "outer" channels. In accordance with the present 
invention, the signal at each decision channel is com- 40 
pared with the average of the signals from the two 
next-nearest neighbors of that channel to obtain "pat- 
tern values" for each fabric. For example, processor 
246 compares the signal of channel 1 to the average 
of channel a and channel 3 signals, and determines 45 
whether this comparison is significantly greater than 
unity, significantly less than unity, or not significantly 
different at all. This decision process is performed for 
each of the decision channel signals, and the results 
of this decision process (the "pattern values") are so 
compared to the pattern values for known reference 
fabrics stored in a library of pattern values to identify 
the fabric under consideration. 

Accordingly, in order for the apparatus of the 
present invention to be able to identify a large number 55 
of fabrics (or other diffusely-reflecting materials) 
processor 246 must have in its database or library 
sufficient reference data (pattern values) on each of 



the many different fabrics (or other diffusely-reflect- 
ing materials) likely to be encountered by a user. In 
the embodiment of the present invention illustrated, 
there are J fabrics in the library, and for each of the J 
reference fabrics, there are approximately three ta- 
bles of "pattern values" stored in memory. 

As one example, the three tables of reference 
pattern values for wool are illustrated below, and can 
be generated based on the data for wool illustrated in 
Figure 1. For example, as shown in Figure 1 , channel 
6 generates a signal of approximately 103, channel 4 
(one next-nearest neighbor) generates a signal of ap- 
proximately 98, and channel d (the other next-nearest 
neighbor) generates a signal of approximately 83. 
The average of the two signals of the next-nearest 
neighbors (4 and d) is approximately 90.5. It is then 
determined: Is the center signal Q% higher or lower 
than the average of the two next-nearest neighbor 
signals? If the Q-level is set at 14% or above, the an- 
swer is no (since 1 03/90.5 = 1 3.8%), and therefore the 
pattern value at channel 6 at the 14% Q-level for wool 
is set at "0" (see Table 1 below). If the Q-level is set 
at 12% or below, however, the answer is yes (since 
103/90.5 = 13.8%, which is higher than 12%), and 
therefore the pattern value at channel 6 for the 12% 
Q-level is set at "1" (see Table 1). As can be seen, the 
smaller the Q-level, the greater is the amount of spec- 
tral detail that will be noticed. The ten channels of the 
sensor array permit this process to be repeated for ail 
six decision channels. The outer channels ("a, b, c 
and d") merely supply necessary data for the outer 
four decision channels ("1, 2, 5 and 6"). 

Table 1 lists the pattern values for wool at the fac- 
tory-set calibration of the sensor array. A minus value 
(-1) means that the signal of the respective channel 
is at least Q% smaller than the average of the two 
next-nearest neighbor channels. 

Table 1 



Pattern values for the decision channels: 



Q-level (%) 


1 


2 


3 


4 


5 


6 


14 


0 


0 


0 


0 


0 


0 


12 


0 


0 


0 


0 


0 


1 


10 


0 


0 


0 


0 


0 


1 


6 


0 


-1 


0 


0 


1 


1 


6 


0 


-1 


0 


0 


1 


1 


5 


0 


-1 


0 


0 


1 


1 


4 


-1 


-1 


0 


0 


1 


1 


3 


-1 


-1 


0 


0 


1 


1 



As can be seen, at the high Q-levels, only chan- 



13 



EP 0 612 996 A2 



14 



nel 6 recognizes the drop-off at 1900 nm (at the 12% 
Q-level), as shown in Figure 1, but at the lower Q-lev- 
els, not only does channel 5 recognize the drop-off at 
1900 nm (at the 8% Q-level), but the absorption dip 
at 1500 nm is also recognized, first by channel 2 (at 
the 8% Q-level) and then by channel 1 (at the 4% Q- 
level). 

As will be recognized by those skilled in the art, 
system response may change over the life of the ap- 
paratus, or due to changing ambient conditions. For 
example, any of various factors, such as the spectrum 
of the light source or the sensitivity of the photocon- 
ductive cells, may change or vary over the life of the 
apparatus. Any such changes or variations may 
cause a change in the average slopes of the diffuse- 
reflectance spectra (as shown in Figures 1 and 2 for 
wool and cotton, respectively). One advantage of the 
present invention is that it compensates for such va- 
riations preferably by providing the following two ad- 
ditional tables of reference pattern values for each 
material of interest Table 2 lists the pattern values of 
wool when the spectrum of Figure 1 drops exponen- 
tially by a factor of 3 between 1200 and 2000 nm. 

Table 2 



Table 3 



Pattern values for the decision channels: 


Q-level (%) 


1 


2 


3 


4 


5 


6 


14 


0 


0 


0 


0 


0 


0 


12 


0 


-1 


0 


0 


0 


0 


10 


0 


-1 


0 


0 


0 


0 


8 


0 


-1 


0 


0 


0 


1 


6 


-1 


-1 


0 


0 


0 


1 


5 


-1 


-1 


0 


0 


0 


1 


4 


-1 


-1 


0 


0 


0 


1 


3 


-1 


-1 


0 


0 


1 


1 



Table 3 considers the other extreme; when the re- 
sponse rises exponentially by a factor of 3 between 
1200 and 2000 nm. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Pattern values for the decision channels: 


Q-level (%) 


1 


2 


3 


4 


5 


6 


14 


0 


0 


0 


0 


0 


0 


12 


0 


0 


0 


0 


0 


1 


10 


0 


0 


0 


0 


0 


1 


8 


0 


-1 


0 


0 


1 


1 


6 


0 


-1 


0 


0 


1 


1 


5 


-1 


-1 


0 


0 


1 


1 


4 


-1 


-1 


0 


-1 


1 


1 


3 1 


-1 


-1 


0 


-1 


1 


1 



As can be seen, there are obvious differences 
among the three tables of pattern values, however, all 
have either a "+1" in either or both channels 5 and 6, 
and a "-1" in channel 2 at the 8% Q-level and below. 
Based on this type of empirical evidence, it has been 
determined that none of the other fabrics of interest 
exhibit this type of response. Accordingly, this chan- 
nel pattern alone (a "+1" in channel 6 at the 6% Q-lev- 
el or above) is sufficient to identify wool. In addition, 
a significant advantage of the present invention is 
that wool (or another diffusely-reflecting material) 
can still be identified when the system response 
spectrum tilts by factors of three one way or the other 
with respect to the "ideal" factory-set, flat condition. 
These three tables are generated for each fabric of in- 
terest, and stored in memory for comparison to the 
corresponding pattern values for each unknown fab- 
ric to identify the unknown fabric, as is described fur- 
ther below. 

Turning to Figures 8A and 8B, a flow chart illus- 
trates conceptually the method of the present inven- 
tion for determining whether the reflection spectrum 
as indicated by the pattern values of an unknown fab- 
ric (or other diffusely-reflecting material) matches 
that of any of J known fabrics (or other diffusely-re- 
flecting materials) stored in memory (LIB), in order to 
identify the unknown fabric. The starting point is step 
310, and the next four steps indicate the input of para- 
meters and constants for fabric identification in ac- 
cordance with this embodiment of the present inven- 
tion. Step 312 is the input of the number of sensor 
channels (or photoconductive cells) of the sensor ar- 
ray, i.e., C = 1, 2, . . ., H, and in this embodiment of 
the present invention, H = 10 (6 decision channels, 
and 4 outer channels). Step 314 is the input of the wa- 
velength of the first channel (e.g., in Figures 1 and 2, 
the wavelength of the first channel ("a") is 1290 nm). 
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The next input is the bandwidth separation of the 
channels fES"), as indicated by step 316, and the 
half-height bandwidth of the channels ("BW), as in- 
dicated by step 318. In the embodiment of the present 
invention illustrated, ES is approximately 80 nm and 
BW is approximately 40 nm. The response spectrum 
of any channel is also input, as indicated by step 320. 

A library (LIB) of fabric response patterns, which 
essentially includes the three tables as illustrated 
above for wool, for each of the J fabrics of interest, is 
also input into memory (LIB), as indicated by step 
322. As the radiation is transmitted onto the unknown 
fabric, and the diffusely reflected radiation is re- 
ceived by the sensor array, the sensor array trans- 
mits its ten output signals R(j, X ) to the processor, as 
indicated by step 324. The signal S(C) from each 
channel is analog integrated over the channel band- 
width by the interference filter/amplifier built into 
each channel of the sensor array; this integration is 
represented here by the computational DO-loop for 
receiving and storing each integrated signal S(C). as 
indicated by step 326. Then, for each channel, the 
processor calculates the average of the signals of the 
two next-nearest neighbors of the respective chan- 
nel, S(C), as indicated by step 328. 

The processor then computes the pattern values 
for each decision channel (C = 3 to (H-2) at selected 
Q-levels, and compares the pattern values at each Q- 
level to every corresponding reference pattern value 
at that respective Q-level stored in the library (LIB). 
At step 330, the processor determines whether the 
signal from each respective channel S(C) is more 
than Q% higher than the average of the sig nals o f the 
two next-nearest neighbors (S(C) > (1+Q)S(C)?). If 
the answer is yes (Y), then a "+1" pattern value is as- 
signed to that respective channel (P(j,C,Q) = 1), as in- 
dicated by step 332, and the processor moves on to 
make the same determination for the next channel C, 
as indicated by the loop 334. If the answer is no (N), 
the processor then determines if the signal from the 
respective channel S(C) is less than Q% lower than 
the average of the signals of the two next-nearest 
neighbors (S(C) < (1-Q)S(C)?), as indicated by step 
336. If the answer is yes (Y), then a "-1 " pattern value 
is assigned to that respective channel (P(j,C,Q) = -1 ), 
as indicated by step 338, and the processor moves on 
to make the same determinations for the next channel 
C, as indicated by the loop 334. If the answer is no (N), 
then a pattern value of "0" is assigned to that respec- 
tive channel (P(j,C,Q) = 0), as indicated by step 340. 
The processor then repeats this decision process for 
each channel C at that respective Q-level, as indicat- 
ed by the loop 334. 

Once the pattern values (P(j,C,Q)) are deter- 
mined for each channel (C = 3 to (H-2)) at a respective 
Q-level, the processor compares them to the corre- 
sponding pattern values at the same Q-level for each 
reference fabric J in the library (LIB) at all response 



skews (i.e., the pattern values in each of the three ta- 
bles, as described above), as indicated by step 342. 
The processor then lists the reference fabrics J for all 
matches that are found for each respective decision 

5 channel C, as indicated by step 344. If any match on 
a prior list for a respective decision channel (i.e., a 
match at a previous Q-level) is not found, then it is de- 
leted from the list of matching reference fabrics J, as 
indicated by step 346. 

10 This entire process of assigning pattern values 

(P(j,C,Q)) to each decision channel, and comparing 
the assigned values to the reference values at the 
same Q-level, is repeated for each selected Q-level, 
as indicated by the loop 348. In the embodiment of the 

15 present invention illustrated, the selected Q-levels 
are from 0.16 to 0.06, with a -0.02 increment from one 
Q-level to the next, as indicated by the loop 348. In 
this embodiment of the present invention, this loop is 
repeated at most 6 times, generating six successive 

20 lists of matches. If at any time during these repetitions 
it is determined that only one matching reference fab- 
ric remains on a list, as indicated by step 350, then the 
unknown fabric is positively identified as that partic- 
ular fabric, as indicated by step 352. This result can 

25 be transmitted onto a display, as illustrated in Figure 
6, or used to control a thermostat on a household iron, 
for example, as illustrated in Figure 7. Once the un- 
known fabric is identified, the processor stops, as in- 
dicated by step 360, until a new set of signals are 

30 transmitted by the sensor array to identify another 
unknown fabric. 

It is logically possible that in some cases this pro- 
cedure may not be able to make a positive identifica- 
tion of the unknown diffusely-reflecting material with 

35 respect to any one of the sets of pattern values stored 
in the reference library. If the DO-loop 348 is complet- 
ed and the processor determines at step 350 that eith- 
er no fabric name is left on the final list, or two or more 
fabric names are on the final list, it moves to step 354. 

40 If there is no entry on the final list (Y), then the sample 
fabric, or other reflecting material, is unknown to any 
of the reference materials in the processor library; its 
spectral reflectance curve is significantly different 
from that of any of the fabrics or materials used to 

45 form the processor library. Consequently, it is unrec- 
ognized, as indicated by step 356. 

If, on the other hand, there are two or more fabric 
matches indicated on the final list at step 354 (N), 
then the unknown fabric's infrared spectrum is suffi- 

50 ciently close to those of two or more of the library's 
fabric spectra that positive identification with one of 
them is impossible, at least at the 6% Q-level "of sig- 
nificance for H decision channels, as indicated by 
step 358. In this situation, the several possible fabrics 

55 can be transmitted onto a display, as illustrated in 
Figure 6, or used to control a household iron, as illu- 
strated in Figure 7. For example, if the two or more 
possible fabrics are all polyester blends, then the iron 
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can be automatically adjusted to a selected tempera- 
ture for all polyester blends. 

It is noted that the 10 channel array described 
above is purely exemplary, and any number of chan- 
nels can be employed as needed. For example, it may s 
be desirable to employ more than 10 channels to re- 
duce the possibility of matches with multiple refer- 
ence fabrics. It may be equally desirable, however, to 
reduce the number of channels, if the apparatus is 
only going to be required to distinguish between a 10 
more limited number of fabrics, or other diffusely-re- 
flecting materials. In addition, the sensor array can be 
designed to receive diffusely-reflected radiation any- 
where within a predetermined wavelength range, 
which at its outer limits, is greater than 1 000 nm and 15 
less than 2500 nm. 

One advantage of the method of the present in- 
vention is that because the signal value from each 
channel of the sensor array is compared with the 
average value of the signal values for the two next- 20 
nearest neighbors of the respective channel, the pat- 
tern values should be reasonably stable against 
changes in the overall response spectrum of the sen- 
sor array over time, changes in the spectrum of the 
light source, or due to changes in ambient conditions. 25 
The system is therefore able to operate over time 
without the need to check the "white" reading of the 
sensor array that is set at the factory, while at the 
same time facilitate the ability to more reliably distin- 
guish one fabric (or other diffusely-reflecting materi- 30 
al) from another. This feature permits fabric identifi- 
cation that does not easily get thrown off by long term 
drifts in the spectrum of the light source, or by 
changes in the IR-sensitivity of the sensor array. 
These are significant advantages in providing a trou- 35 
ble-f ree, commercially feasible device. 

Another advantage of the present invention is 
that because it employs diffuse reflectance, prefer- 
ably within the range of approximately 1200 to 2400 
nm, to determine the identity and/or composition of an 40 
unknown material, low-cost, conventional subminia- 
ture tungsten light sources can be used to generate 
the radiation. In addition, in this wavelength range, 
relatively low-cost photoconductive sensors, such as 
the PbS sensor array described above, can be em- 45 
ployed to detect the intensity of the diffusely-reflect- 
ed radiation at each selected bandwidth of interest. 
Moreover, most dyes employed in textile fabrics are 
non-absorbing in the infrared, and therefore the color 
of a fabric (or other diffusely-reflecting material) will 50 
not affect the ability of the method and apparatus of 
the present invention to identify the unknown materi- 
al. Yet another advantage of the present invention is 
that because only low-resolution band spectroscopy 
is needed to identify fabrics, relatively low-cost, high- 55 
dispersion/ low-resolution gratings, or wide- 
bandwidth interference filters, as also described 
above, can provide adequate spectral signatures, 



thus facilitating a designer's ability to make a low- 
cost, commercially feasible device. Indeed, the appa- 
ratus of the present invention can be employed within 
a typical household appliance without significant ad- 
ditional expense, such as an iron, as illustrated in Fig- 
ure 7. A significant advantage of this embodiment is 
that the temperature of the iron can be automatically 
controlled based on the type of fabric being ironed 
(without the user even knowing what type of fabric is 
being ironed). 



Claims 

1. An apparatus (10, 110, 210) for identifying a dif- 
fusely-reflecting material (F), characterised in 
that it comprises 

a light source (14, 114, 214) for transmit- 
ting radiation onto the material (F); 

a detector (24, 124, 224) for receiving ra- 
diation diffusely reflected by the material and 
generating signals ind icative of diffuse-reflection 
characteristics of the material; and 

a processor (246) coupled to the detector 
(24, 124, 224) and including diffuse-reflection 
data on at least one reference material for com- 
paring the diffuse-reflection characteristics of 
the material based on the signals of the detector 
to the reference data to identify the material. 

2. An apparatus (10, 110, 210 ) according to claim 
1 , characterised in that the light source (14, 114, 
214) includes a tungsten-halogen lamp. 

3. An apparatus (10, 110, 210) according to claim 1 
or claim 2, characterised in that the detector (24, 
124, 224) includes a plurality of photoconductive 
cells, each cell generating an output signal indi- 
cative of the intensity of the diffusely-reflected 
radiation within a respective radiation bandwidth. 

4. An apparatus (1 0. 1 00, 21 0) according to claim 3, 
characterised in that the photoconductive cells 
are lead-sulf ide cells. 

5. An apparatus (10, 110, 210) according to claim 3 
or claim 4 characterised in that it further compris- 
es an interference filter (240) located between 
the material (F) and the photoconductive cells 
(24, 124, 224) for filtering the diffusely-reflected 
radiation transmitted onto the photoconductive 
cells. 

6. An apparatus (10, 110, 210) according to claim 1, 
characterised in that it further comprises an opt- 
ical component (18, 20, 118, 120, 218) located 
between the light source (14, 114) and the mate- 
rial (F) for imaging the radiation transmitted by 
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the light source onto the material. 

7. An apparatus (10, 110, 210) according to claim 6, 
characterised in that the optical component in- 
cludes a visible-blocking medium (18, 118, 218) 5 
for preventing the transmission of visible light 
onto the detector (24, 124, 224). 

8. An apparatus (10, 110, 210) according to claim 6, 
characterised in that it further comprises a hous- 10 
ing (12, 112, 212) enclosing the light source (14, 

114, 214), the detector (24, 124, 224 and the opt- 
ical component (18, 20, 118, 120, 218), wherein 
the optical component defines a slot-opening 
(30, 230) for permitting transmission of the radi- 15 
ation from the light source onto the material and 
transmission of radiation diffusely reflected by 
the material onto the detector. 

9. An apparatus (10, 110, 210) according to claim 8, 20 
characterised in that the optical component de- 
fines an exterior face (132) protruding from the 
housing (12, 112, 212) for contact with the mate- 
rial (F) to prevent the collection of dust or partic- 
les on the face of the optical component 25 

10. An apparatus (10, 110, 210) according to claim 1 , 
characterised in that it further comprises a grat- 
ing (22, 122) for focusing and dispersing the ra- 
diation diffusely reflected by the material (F) onto 30 
the detector (24, 124). 

11. An apparatus (10, 110, 210) according to claim 1 , 
characterised in that it further comprises a mirror 

(22, 122) for focusing the radiation diffusely re- 35 
fleeted by the material (F) onto the detector (24, 
124). 

12. An apparatus (210) according to claim 1 , charac- 
terised in that it further comprises a display (248) 40 
coupled to the processor (246). 

1 3. An apparatus (10, 110, 210) according to claim 1 , 
characterised in that the apparatus (10, 100,210) 

is coupled to a household iron (Fig. 7) for identi- 45 
fying a material to be ironed. 

14. An apparatus (210) according to claim 13, char- 
acterised in that the processor (246) is coupled to 
means (252) for automatically controlling the 50 
temperature of the iron based on the identity of 

the fabric to be ironed. 

15. An apparatus (210) according to claim 5, charac- 
terised in that the interference filter (240) is a 55 
stepped interference filter, and each step is sub- 
stantially aligned with and corresponds to a de- 
sired wavelength channel of a respective photo- 



conductive cell. 

16. An apparatus (10, 110, 210) according to claim 1, 
characterised in that the processor (246) includes 
diffuse-reflection data (Figs. 8A and 8B) on a 
plurality of reference textile materials. 

17. An apparatus (210) according to claim 16, char- 
acterised in that the detector (224) receives dif- 
fusely-reflected radiation within the range of ap- 
proximately 1200 to 2200 nm. 

18. An apparatus (10, 110) according to claim 11, 
characterised in that the mirror (22, 122) is sub- 
stantially ellipsolidal. 

19. A method for identifying a diffusely-reflecting 
material (F), characterised in that it comprises the 
steps of; 

transmitting radiation from a light source 
(14, 114, 214) onto the material (F); 

receiving at least a portion of the radiation 
diffusely-reflected by the material (F) with a de- 
tector (24, 124, 224) and generating signals indi- 
cative of diffuse-reflection characteristics of the 
material; and 

comparing (342) diffuse-reflection char- 
acteristics of the material based on the signals of 
the detector with diffuse-reflection data on at 
least one reference material to identify the mate- 
rial. 

20. A method according to claim 19, characterised in 
that it further comprises the step of generating 
(322) a database of diffuse-reflection data on a 
plurality of reference materials and comparing 
(246, 324, 342) diffuse-reflection characteristics 
of the material based on the signals of the detec- 
tor with the reference data to identify the materi- 
al. 

21. A method according to claim 19, characterised in 
that it further comprises the step of generating 
(324, 326, 328) a plurality of signals, each signal 
being indicative of diffuse-reflection characteris- 
tics of the material within a defined wavelength 
channel of finite bandwidth. 

22. A method according to claim 21 , characterised in 
that it further comprises the step of generating 
(336, 338) pattern values, each pattern value 
corresponding to a respective channel, and com- 
paring (342) the pattern values to corresponding 
pattern values for the reference materials to iden- 
tify the material. 

23. A method according to claim 22, characterised in 
that each pattern value is generated by compar- 
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ing (330) the value of a signal of the respective 
channel to another value based on the average of 
the values of the signals of the two next-nearest 
neighbor channels. 

5 

24. A method according to claim 22, characterised in 
that it further comprises the step of generating 
(330, 332, 334, 336, 338) a plurality of pattern 
values for each channel, wherein each pattern 
value is based on a respective Q-level, and each w 
CMevel defines a range of values above and be- 
low each respective channel signal. 

25. A method according to claim 24, characterised in 

that each pattern value (332, 340) is based on is 
whether the average value of the signals of the 
two next-nearest channels falls within the range 
defined by the respective Q-level of the respec- 
tive channel signal. 

26. A method according to claim 19, characterised in 
that it further comprises the step of automatically 
controlling the temperature of a household iron 
based on the identification of the material. 

25 

27. A method as defined in claim 19, characterised in 
that the material is a textile fabric, and the radia- 
tion received by the detector is within the range 
of approximately 1 200 to 2200 nm. 
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